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San Andreas
Fault

Observatory at
Depth (SAFOD)

The central scientific
objective of SAFOD is
fo directly measure the
physical and chemical
processes that control
deformation and
earthquake generation
within an active plate-
bounding fault zone.
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EARTHSCOPE--A New View into the Earth
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SAFOD -- A borehole observatory across the San Andreas
Fault to directly measure the physical conditions under which
earthquakes occur

Plate Boundary Observatory -- A fixed array of GPS
receivers and borehole strainmeters to measure real-time
deformation on a plate-boundary scale

USArray -- A continental-scale seismic array to provide a
coherent 3-D image of the lithosphere and deeper Earth



San Andreas Fault Observatory at Depth:
Project Overview and Science Goals
Test fundamental theories of earthquake mechanics:
» Determine structure and composition of the fault zone.

» Measure stress, permeability and pore pressure
conditions in situ (fault zone and country rock).

» Determine frictional behavior, physical properties and
chemical processes controlling faulting through
laboratory analyses of fault rocks and fluids.

Establish a long-term observatory in the fault zone:
» Characterize 3-D volume of crust containing the fault.

» Monitor strain, pore pressure and temperature during
the cycle of repeating microearthquakes.

» Observe earthquake nucleation and rupture
processes in the near field.
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SAFOD Location Takes
Advantage of Knowledge
Gained from The
Parkfield Earthquake
Experiment and the
extensive network of
monitoring instruments

‘Surface Seismometers
*Accelerometer Arrays
‘Borehole Seismometers
‘Borehole Strainmeters
-Creepmeters

Water Wells

*GSP (including 1 Hz)



Cross-Section Along the San Andreas Fault
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Relative Locations of SAFOD Target Earthquakes (Repeaters)
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Pre-SAFOD Activities

v Surface seismic array deployments (permanent &
temporary, including 70-station PASO array 2000-02)

High-resolution seismic reflection & refraction surveys
through drill site and across SAF (1998, 2002, 2003)

Magnetotelluric profiling
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Geologic Mapping &
Fault zone guided waves
Gravity & magnetic surveys &

Fluid geochemistry
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Environmental assessment & permitting (completed)
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Geophysical Field Camp (Duke Univ.)

Pilot hole drilled to 2.2 km at SAFOD site and instrumented
with 32-level seismic array (summer 2002).
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Microearthquake relocations and seismic tomography
(using data from surface and pilot-hole arrays)

" v Special issue of Geophysical Research Letters on site
; characterization and pilot hole results (2004, 20 papers).




Surface Trace of

San Andreas Fault
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Pilot Hole Accomplishments

» Validated pre-drilling structural
model (granite at 768 m) and
provided technical information
critical for SAFQD drilling plan.

» Measured stresses driving motion
on SAF and confirmed the
absence of frictionally generated
heat on the fault.

» Provided background information
on shear zones, fluid-rock
interactions, thermal/uplift history
and physical properties adjacent
to SAF.

» Pilot hole seismic array helped
refine locations of SAFOD target
earthquakes and image
secondary faults between drill site
and SAF (as well as imaging the
SAF itself).

» Providing test well for seismic,
pressure and strain monitoring
instruments to be used in SAFQOD.
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Collecting Drill Cuttings
from the P|Iot Hole




What are the mineralogies and frictional properties of minerals

within the fault? N — -
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Phylosilicate Mineralogy from SAFOD Pilot Hole (Solum and van der Pluijm 2004)

- Establish reference section for phylosilicate mineralogy across SAF with SAFOD
- Compare with phyl. mineralogy along exhumed ancestral SAF (Punchbowl Fault)

X-Ray Powder Pattern, for bulk mineralogy
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Parkfield Heat Flow Transect
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Electrical and Ultrasonic Image
Logging to Determine Stress State
and Fracture Geometry




“Fault-Normal” Compression Indicates a Weak SAF

Observed S, ,,,, Orientations in Central California \ X @ SAFOD
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e Heat flow and stress measurements led to Weak Fault/Strong Crust model.
e However, there are not many stress measurements close to the SAF.
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: Pilot Hole Sy, Azimuths
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Installing the Pilot Hole

Seismic Array




Spectral Studies of Source Parameters |
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Oct./Nov. 2003

Seismic

doufeesiments

Hole/Ryberg shots (63@20-400 Ibs)
Off-line shots (5@200 Ibs)

Catchings auger holes (5 Ibs)
Catchings shot guns

Temporary Arrays:
Thurber/Roecker array (PASQO)
Hole/Ryberg line

Li/Vidale array
Catchings/Smithson

Malin array (Pilot Hole)

Ryberg off-line array

Permanent Networks:

N. Calif. Seismic Network (USGS)
High Res. Seismic Network (UCB)
UpSAR array (USGS)
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GRL SPECIAL ISSUE: PREPARING FOR THE SAN R
ANDREAS FAULT OBSERVATORY AT DEPTH Volume 31 Number 12

American Geophysical Union

- PART 1: EARTHQUAKES AND CRUSTAL
STRUCTURE, Vol. 31, No 12, 2004 (10 papers)
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- PART 2: THERMOMECHANICAL SETTING,
PHYSICAL PROPERTIES AND MINERALOGY,
Vol. 31, No. 15, 2004 (10 papers)

If you would like to receive a
bound copy of this special
Issue, please send an e-mail
with your mailing address to:

SAFOD (Parkfield)”®

hickman@usgs.gov Pacific Plate
(soon, please!)

Special section on the San Andreas Fault Observatory project ¢ Spring
increase in Arctic cloudiness * Creating artificial high-altitude auroras



